The supplement that accompanies this issue of Nature Structural Biology highlights the impact of synchrotron radiation on structural research. Its articles suggest that research using brilliant light sources is in a growing period -as scientists learn how to accomplish, through improved technology, what can be envisioned. Yet, despite the promises of the currently available synchrotron X-ray sources for biological science, one cannot help asking: what next? Are new, even more brilliant sources possible? Can the current time resolution limit of ~50 ps be improved upon? And, most important to biologists at present, can the demand for beam time be met in the near future?
august 1998 vol. 5 no. 8 may be needed (for example, better photocathode guns to release dense electron pulses) is occurring at laboratories around the world.
Recognizing that an XFEL would open up new areas of research across several disciplines, the Basic Energy Sciences Advisory Committee Panel on Department of Energy Synchrotron Radiation Sources and Science (commonly known as the Birgeneau panel since it was headed by Robert Birgeneau of the Massachusetts Institute of Technology) recommended in late 1997 that three million US dollars per year be offered for basic research and design work on FELs 5 . (The same panel also recommended that ~185 million US dollars per year be allocated for improving US synchrotron sources.) Bill Colson, an FEL expert from the US Naval Postgraduate School in Monterey, California, who served on the Birgeneau panel, notes that this funding will help with the need to demonstrate the practicality of several basic, and necessary, design principles. John Arthur, an X-ray scientist at SLAC, suggests that there are three main reasons why funding FEL research (with an XFEL as an end goal) is reasonable today: (i) accelerator technology for making smaller, more focused electron beams has improved dramatically in recent years; (ii) electron sources (such as photocathode guns) are improving and should soon be capable of generating the very dense pulses of electrons that will be necessary to achieve FEL operation in the X-ray range; and (iii) undulator magnet technology is better understood (largely thanks to the work on synchrotrons) and will facilitate construction of the very long undulator necessary for an XFEL (the LCLS plans call for a 100 m undulator). If key pilot experiments on small FELs work as expected, then it will be possible to put more faith in the calculations for the large XFEL and funding for an XFEL could be allocated sometime in the next few years. The LCLS is thought by many in the accelerator physics community to be a particularly cost-effective way of extending FEL research into the hard X-ray region. Making use of a portion of the existing Stanford Linear Accelerator the LCLS is estimated to require ~100 million US dollars, a fraction of the cost of a new third-generation source such as the APS. Being a testbed for XFEL research, it would initially have only a couple of experimental stations, though it could be upgraded to a multistation user facility in the future.
So, why haven't more biologists heard of the LCLS and TESLA XFEL plans? One answer is that many are still becoming familiar with the big science of accelerators. Use of synchrotrons has become commonplace only over the past five years, and plans for XFELs began to take shape as recently as 1992, when it was realized that technology had improved to the point where the theoretical needs of an XFEL could realistically be met. Another answer is that as exciting as an XFEL sounds -with peak radiation 10 orders of magnitude brighter than that produced by today's third generation sources and a time regime in the fs range -it is not clear that XFELs will be immediately useful for solving biological problems. In contrast, the second and third generation sources currently offer very good realistic prospects for structural biology, and, given that all of these projects are extremely expensive, many biologists would rather see building of additional storage rings and improvement of available facilities to accommodate demand. This is unfortunate for the XFEL research and design community, since biological science is extremely fundable.
To make a strong case for funding, XFEL supporters are routinely asked to identify the kinds of experiments, across a wide range of disciplines, that will be possible with brighter X-ray beams. The key question for biologists is: are there experiments that can be envisioned today that could be performed only with the quality of radiation from an XFEL? With the exceptions of sub-ps time resolved experiments and rapid biological imaging microscopy studies, the answer seems to be that, for now, the second and third generation sources seem more than adequate, especially as they are becoming better tailored to the needs of biologists. Moreover, in the immediate future, improvements at synchrotrons (such as achieving greater coherence of the electron beam and manipulating the time regime using lasers) or in other fields of instrumentation, such as home laboratory X-ray sources driven by optical lasers 6 (which can have fs time resolutions), may offer more practical promise than an XFEL for currently intractable biological experiments.
The problems faced by scientists today are often ones of prioritization because of time and funding issues. Thus, while admitting that the likely advances in FEL research are exciting, biologists seem personally more concerned with improving access to available brilliant radiation sources, which allow a broad range of biological experiments. While supporting basic research and design work on FELs, the priority for the biological community will likely be to upgrade existing sources, to encourage the building of new synchrotrons equipped for biological applications, and to foster cooperation among facilities to make the most efficient use of beam time, rather than to invest considerable effort into supporting long term plans to build an XFEL. Nevertheless, it would be shortsighted to say that the plans for radically different fourth generation X-ray sources will be of no use to biologists. Did the scientists who developed the first synchrotron particle accelerator sources envision that the X-ray radiation 'by-product' would be critical for future biological advances? Certainly not. Similarly, it is difficult to say definitively that FELs will not be useful to biologists. Improving the technology of X-ray sources could open the doors to as yet unimagined experiments. 
